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Abstract 


The semiconductor device has a substrate structure (4) with a power semiconductor element (1) 
sandwiched between a pair of heat conductive plates (2,3). The plates fit into a channel (72) provided 
by a pair of cooperating heat sink elements (5,7). A clamping device (6.8) secures the substrate 
structure between the cooperating heat sink elements. 
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^^mn (9) a5:frtt$tvTV'>5rtSri|$ai: LTV'' 

[0 0 2 4] ^iltJlioT, (2, 3) tScflfe 

(5, 7) i: oS!«#aD^^:^s^^T, ««P# (9) ©rfr 
ftf-iU. it*9i 2|Ssgj(D«egi:l^«(Of^^SbmSr# 

(9a) tt, it*« 1 5 mi&(D^m<o J; 5 1^:, #1*^:^5 
1 OMP a«T, »*L<H:0. lMPaWT<OfRHgS-ft 
ttaJ!B-C«)5ri:as»*L<, E-g-tt (9 b) tt, |»* 
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10 0 2 5] ^Tc. m^^i 7mm<D^m-r^fx. e-^w 

(9 b) Sr. :k:^^(Dm^i>W(om'f-if^hm^Lxr,^ 

mSSU (9a) --a*<t<3lE«$«5rti5-C 
IT, »IRH4«rl^±-Cfr5„ it** 1 8 

©J;5^-^ E-^W (9 b) Sr. «IS:<o^T-a5i$^Ufct 

(OtLTl). «flB«- (9 a) ->.<D5tea[Sr^^©AV>'bO 
[0 0 2 6] i9*«l 9'&V»US!*«2 2fE«<D 

5ge«H:. ^n^pn, m-^u (9 b) (OAflc^fj^g^ffi* 
*r (9 b) wm^tctiwm&motc^i>\^<ti^ 1^ 

Lfcl»*«l 9ia«©E^*t (9 b) »C*iV>X. 

v^5„ ^rtit^io-c. (2, 
3) tiicgRtJ^ (5\ 7) itcS^U r<0«8l:fy[pHrJfefSR 

(0 0 2 71 Ml-, »*«2 4fE«<Z>^iqic:J;nfi, IS 

*«2 3iE*fero^?^j;i*iv>x, mm^<p^< t hmnm 

(9 a) <D«ffii6»e>s;§til$-arfc*tli-T?. (9) 
lfil»S«t (2, 3) ktkmi^ (5, 7) fcOMtJl^ftS 
■fr5J;5{-b-CV'>5A^e>, (2, 3) fcifef^fls: 

(5, 7) i:J:HS-r5««6ro^Sgtc*jVNT. 

[0 0 2 81 ^;*5, iiEUfceilli^iW^^H:, ^^-TS 

So 

[0 0 2 91 

:*:^m(o^mi^M^. ^mf^miF-t lto i g b t 

(iffii&<5^-hS^WJK-7 h 7Vt?>^^') SrTKJ^^wifc 

[0 0 30] 01 ti:^mmmmc9f:i>i^mi^mmi ( i g 

B T^?;'^ -/u) 10 0 ©«iS^#«fiRS:*-r— «B 

0 2«:01cr)A^^0, 0 3FiEl2(??B-B»fffi®, 0 

Biooa, -M<Dmfimm^<ommm&2. 3<om^ 

t^iJ:^)^=f^pn5„ H3»ji^i-«iic, 3feKiic4 
[0 0 3 1] =a-g8<Dp^«Bl^:o^^T]i^'<5. 

■C, 05 (a) . (b) JC, a«{4C4 0^iBH«^Sr^ 

1-0 0 5^c:*3^^T. (a) tt^^i*:^^ 1 Jt 

2 (04'*', fejffl) Sr^U (b) ttiteSSflKS (04 



I GBT^yT'l aStTFWD —JU^r^ ^ 

— K) 'f-yZTX ba^P>*5„ M^s'T'l a ri, 

[0032] tm.W&2., 3 ieSfRi€^tt£«i (;$:«»| 
■CriS*?^, fRje^^tteSxtf, JKJI 7 OW/mK) "C 
it£^ft:*^F-i-C*)5#^s'7'l a, 1 bOi^ffiS: 
Sfe^-t?v5, #S«2. 3tt09x«|g-ft:ryi'5=i!>A^ 
*»e><e5, il68kS«2 0i|£^^<*:*^iSr#EtHMO 

®, iP^rt®2 a tCfJ, 05 (a) \Z.7ii-Tm^. m«iv< 
^— >'2 liSE^$^^-CV^5, r.<omfiiX^— i^2 i 
tt, lH^T>^5ri!?A4StO«|f («x.fJSC*;P 0 . Sm 
mg«W««-) *>e>«^$nT:fe5. ffi2am«9:%.Hn» 

[0 0 3 3] :irT?, — >'2 1 <D?^ttJ!:-3V»T 

ift?B-t-5o «ffi^<^— >'2 1 ri, 05 (a) 

2 1 a t , Z.<r>WSM 2 1a CO0 5 
(a) *_hi»S5lcJi*|j:[ftiftX^SJ$tt-CJ6»««2*» 
6.H:^ttlUfc^geEISgl^ffiOjffiT-gC2 1 b td^bflffig 
^n-rvi, mf>Wg52 1a, 2 1 b tt— jx 

[O 0 3 4] fii«i>K^— V2 1©S«ISJ2 1 alue, I 
G firms' 7*1 a Xt5FWD^2/:7'l b:a5/E)5#»t («»l 

1 aCOaV'jJ'^m'ffi (0;5%*-r) i5S«g6 2 1 a\:l^o 

2 iaic^5it (fi*iix.«its^ffl«-) s^^^^bxg|-a■$nTv^ 

[0 0 3 5] ie»»R3 0ii£gj{|:^y7'S:fi^tHBS 

©ffi, fiP*>rtaD3 a tcri, 0 5 (b) j;i^-t-«{c, «s 
>>^^— V3 1, 3 2asE|a:§t^xv^^, ms^^^— :^3 
1. 3 2H:, m-^Tyi'^=-'SfM.^(O^U mx.tim^i^ 
0. 5 mmig£i[(0;£#) d»&«}^$tt-Cj3 •} ^ ffiSaic 

[0 0 3 6] rr-c, i(0)^*t»c: 
ov^-rlft?^i-5o ^-s 1 tt, 05 (b) 

■rm^. ft:^?g©S«g8 3 1 a rW««SB3 1 a <0 

0 5 (b) &±i»mc±:^K(^nxmWi^ttxli&m&^ 

«^$^^TV^5o r*l6>Pfg83 1 a, 3 1btt— -frj^^ 

[00 3 71 ^ LT, 31b ica. ^:»m^^ti: 

•rfi^g-g5 3 3XU5 3 4iS*f.:fr (0.5 (b) IC-r«ffiJ: 
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i gbt^s'T'i a (D;c$ j^^H^i i a t 
1 b 1 1 b i: mt^ Lv^A^ *fcra«T/> 

[0 0 3 8] mS^-^iJ' — >'3 2{=f3:, n-^ (El 5 

(b) js:r«SD-h*) i^ts^nxmi^jE:fjm^i^£-rm-^ 
sua 5^^g9:$H-cv>«. sj-g-g53 5©:*:# 

$tt. I GBT5^;y:7'l a 2 a 

LiS5$-+&H:0!lx.Hro. 5 mmSJS[lcf9:^$nTV^5„ 
^ixfeef-g^asa 3. 3 4, 3 5tt, ^}):/y'>'^^i^ir 

[0 0 3 9] ^LT. wnP>S-g-SlJ3 3, 34, 3 5 <D 
±iBfc, ^5|t («f!l;?:rJ. \Xk,fm) SrWJ^d J: ►) St 
t)#<t, ^*#:*^12fct52tfc<OifiSlS«2, 3Sra*a 
I a (D^* s^^a® 1 1 a 

STJf^— K«Sl 2 a, FWD^s^:?'! b ©«ffi«ft 1 
lb as, ^iX^tt, l6&«^g3roS^g•g53 2, 3 3, 3 

[0 0 4 0]^VAT, -hfB#aSfSB4>SrAPSftJPtS!<£-fflv> 

•5. r5LX, S«ft:4i)5Jg^$tb-5o ^*3, 

c , 3 1c \^W^<DmM^m LX Jjfyu h ^r^f^g 
5r.i:tcj;ij, ;x2 1, 3 1 co 5 *>, — ^rSr>'< 

3 2tt, y^i'JK^'T'^f :X^^|Ci!3; ;^g|t^|9|Bl%t$ 

[O O 4 1 ] jJcJc, ^iT'D 5, 6, 7i^^^^#:^K^ 
0 0 05iltSl#lii{i:*»d»5g5:JJ'tcov>xiii&'<5„ ^-f, 0 

4 f-^R-f-fllti:, ^ 1 ijr|gi:/c s/ 5 tt, -e©»fse;^, U 
»^E:ftSr^-t-2o<o5pffi5 a , 5 b t^ffis c Sri^oS 

[004 2] 1^n-^X3 yif 7 tt, 1i»^B®S«fli:4 fip*, 
^^W^^'f 1 wffi^J:fy(6i{;:®tJ«5S-&85 Tat, r 

^g8 7 a ©qzffi? O a A^e,0^tHL^5p5 7 O a t JifJil: 
«<£:^!gi-^aa7 0 b Sr*-t-^SilWgB7 b i: A-f>#|^$tt 



[00 4 3] ?^i^oitK 7 d f±, 1 nwmii^ 

7 o d t, ^jE8s 7 0 d d^fe^sigaigB ? 

brtlcjlV59JgE!S7 1 d td»e,«|^$ttfc*-05ji&«t 
^^XfcSo w05?^aEBE!S7 dtt, H^b^SiV^j^aEw© 

il^^**:*^ 1 ®E?rj:^|^n(C7Kj)5»ftn5 ± 5 lei 

[0 0 4 4] *fc, S^S|5 7afctt, ^i^SiJ^-^^n 
S^v^5>:7 ciS^^^^tiXXV^So *-&g5 7a055p 

ffi7 O a tS*MB9WSD 7 1 a f3:5pjeffixS>»), :i®ffi7 
1 a SrSt#aDt LX, ^M^iv-i^v^p— Art®3S0f iM 
Xtf, ^-^Oi) (c, *^#:^«l O 0;a5^t)#rte> 
ttSo Mx.tf, 0^Lj5:v^d5, S^SB 7 a fd^giR^^ 

[0 0 4 5] ^.n^W^^ '^if 7 T/\y%=.^M,^(0 

Anx^t;:j;»jjg^$ix5„ ^5:^3, S!I«IE!S7 l dWJgtt 

tt, 04tfi(^|Ki^KJc:x^-r«l»-, S«ft:4ffiS<?50^fl:as 

±06^7 o d t|^gftt;5:5j;5(j:^^Lxt<t<, ^E- 
tuciox, J: 9 ?&^^*iS(6j J:-#-5, 

[0 0 4 6] ^LX, miiJcfSir/ny^soJpffi (ISffl 

70bita, P^|^SrBaftX>*lSlEg$n, CKD^MttS 
«^*:4:^^^A$^^XV^5IlaSB (ifAgB) 7 2 t LXfllfife 
$^^XV^5„ *fc, 04fr^-t-«l(c, ^IJfefRir^Dy^ 
5, &tJ«i»&ai7'P y^' 7 0^ffig5 7 bf±, 4^e?8XtKM 
2»r^:?'ci 6 Srtt>HL>t LX2£:&iiffi!K::jitfj:|;:, 
LXlSrjP>nxv>5„ ;*:MXtt, «««c4ttfe& 

{j:*JV>X, ife»««2, 3«ffieSr04 tttSSJt UX 

[O O 4 7] ;t:#i(XH:, 04 tfi©^5?8 *»6,feffiJSJ5>fc 
*5V^Xtt, IS l;K^P'i3 s,^r Stt, ¥ffi5afCXl6»S 

S3<D^Bnt^U JPE (S^gSSHftffi) Sbjcxft 
7©S-&gS7 a ©Spffi7 0 a t^^feb, ^ffi 
5 ct^X|g2ife^:?'r2y^6©-&?g^DB6 b tg5«UX 
V^5, ?&air^ay^7tt, 7 b ©spffi 7 0 

b JCXl6«k«« 2 ro^aS i: gHtt LXV^5o 

10048]—:^, 04«t>©^i?8a»p,^^{WgS5>^^:j3v^ 

Ttt, Sttfr4 ri£ffl!fgB4)^t^— EigxlE>5fc», ffl 

^fl^n^jj' 5FJ, sPffiS a{^Xie»««2c0^flgtS! 

» ¥® 5 b {cx^ftai::^!! s, ^ 7 ©S-^gs 7 a ©^pgn 
70a t^L, ^ffis c|!:x|g2«c|»::fDs^^6©^ 
?^«4S6 b t^^bXV^So ?&^7'l3y^7tt, 
§^fflgB7 b©5Pffi7 o blcxHfeSk&Kao^aDtaHBiL 

[0 0 4 9] ±.is.miimzfut^.!r siscxy^T^n 

^Os^i>'7t|6gkS«2, 3i:OS«|SLffi, XUf, mi 
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S-flt«: L r iSrfKitt SriSS «) 5 1 <0 T? 5 „ 
[0 0 5 0] PL<«:. 06jc;^-r«l-, i«il!ve^;»:fR 

/ci«)};:jl5ze« (5 0 V o 1 

10 0 5 1) r^i-c, ^fiai-cti, mmitmmi&wiim^ 

tt. mtW^isJ^^xiiiSJ^m (Mxtf. 2. 5-5 p) 

■C#tt*jJ5 1 OMP a giT. L.< t±0. IMPaEi 

— V^/V (Mx;Kf, 80~160Pa) S^ffl^^XV^5„ 
^Sas 5~ 5 0 (1 miff* L< f3:2 0~5 0 // m<0:*:*Sr:S 
O. 4^iV^L0. 2 , E-a-Jt: U5iV» U 1 3 ®/h^g3**t 

[0 0 5 2] ^E^LT, «ffi«-9 a -Cfcav^y 3— i'^>'P 
Ji:E-g-«-9 b SriB-g-LfeSSIR^B^iJciRtt-g tt, ?Ri«l-rkM 

«l^®Sr8aM«f<Si?>5ti: tl', ffi^tt" 9 b J; U |^ 
[00 5 31 ^ LT, ?&«J:?'d rJ- 7 

^ 5©#®5 casifffi$ti.-rv>^„ -ettjcioT, f^l 
*kf»:7'o s^^r 5^^:*^v^-c, qsffisatt, ^n-^^yi^i 
(r>^mU7 h<r>W^m7 Oh:fsm^. iie»S«3©^ffi^ 

rJ' 7<DS-&g5 7 a(D5Fffi7 0 a{CjfJE$*l,TV^io ±0 

S«fic4tt, #ife»««2, 3<o"w#t-ffiSr*:/a y 
^5, 7|CJ;oTj«Pffi$n, PaSB 7 2 rtS5lc-Cffi»@^ 

[0 0 5 4] ^^-C, S«fr4. 

:/oy^'5, XxJ«?&^:?'ci 7®^mgB7 btt, 

8 Aof|g2JkfR5'ct s,:ir 6 •C.-'t L-Cfe;&ii5ffl!H;:^ti» 



[0 0 5 51 d»;d»^«^SrWt-5 ^#«:^g 1 0 o d:. 

«>¥ffi5 bXtF?&a>:/«3 7 7 O^pffi 7 O a 

<^)'>'5j< fc ?S4^0i«|g^e«ife|gs«-9 S-M:flT-r 

5o *^c, -hj^ L.fc^fllJCT?^fiS;SnifcS«fls:4C0=S-ite 
&3B«2, 3<0^ffiXT^DflgB7 2COi^JFS5 a , 70b 

[0 0 5 61 ^rUT. ifclRiT'ny^ 5Sr, ^n^/u^i/ 
7©S-&g87©S|Zffi7 O aJC@<o BflgB 7 2 

*JV^T, W^pBs a, 7 O b<OBSr, *««C4©J?i?(i£Jl 

±oraPiS-e§BrtT*J<„ -tUT, S«{*i:4Sr0 4(;iTJi 
^rd^6.|!flg5 7 2tciifAL, iS^y'ci yif 5, 7rat-^S@^ 
•t--5„ tRV-'X, lg2jjcfRl:?'n 6 Sr, ?^,6 a fc^v?5t 

[0 0 5 71 ^v78^, El4lc-c^2;gc|»:?'D y 

^ 6c»jb:&a>p>. M5t6 a , 7 c tj:#ALiBI^-r5. 

6CD;^M5c, 6 bOJg^^f^^lcJ:!), B2»S»:/ay 
^ ett^life^^o 5cO:^ffi5 c }c?&o-C#A*l^ 

bi£«'&n«-««flc4 SrJf E =frffi«ii|5:4 iSBflgS 7 2 

F*igBfcX#:?'ci y 5, 7 |wJBEg@S$n.5„ Cl 5 b 

[0 0 5 81 'i*^, 0 3SIFE14 Ic^t-Mxtt, 
^— V2 1, 3 it::*j»taKii5t2 1 c, 3 i cflBoSB 

L-ctfiv>u ^B*®«««f4feic||*ofc:i^rfi]-^Stt) 
[0 0 5 91 JJctc, *5ll£J^^i<o^fcfRif^ffl^c:ov^-r, 0 

4't><©^t;'8a>e>i{fflg65>Sr0iJl-i:oTai'<a, IGB 
T^^S'T'l aXtfFWD5^3'7'l b-Cfg^-rSiaO:, I 

«2fflJ) A>e>368iS«2. ^U-C. iffi»S«2^ffid^?, 

fS^^ife^^ 9 ^mxiftm:fti 7 o^tbsc 7 b , 

[0 0 6 0 113^1;::, I GBT^s/^:/ l aXO^FWD^ 
y:7'ibro^ffi (ite^S«3{Hil) *»e)1>l6^S«3, ^E- 

b d»6,ii5f?|iC^ife||ft:^9 SrS-C?&aiyD 3/^ 7 OS^gB 
7«. 3lt-?&iKEw-vi:;^A— X{;ie^$n, iS^dMcJfc 
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[0 0 6 11 t-^T. ^mmmmicxtitx^ s«*4 

J-jaSSJAfe LT«c«!i Iff 1 jjclUj^o s, ^ 5 

[0 0 6 21 ^i?8t±^ <^4P^nyi?7(=ifA 

ttJgSr b:tr($|{J:ifJELX««#:4$-IMIgB 7 2 iiri-rffiS-f- 
*-t-5gB«-C35; < 1 1> i V\ 
[0 0 6 31 $6. **lfijgffi-ctt. 

(om^mmm 7 o a \c^§km<omM 7 2 sr e * 2 kic 
[oo6 4r*fc, ^mmmm\ci:tit£^ mmmte^ 

i"'t*3*>||2ife^^D s,j5r 6-t?-pi?f©»ffi^*:4 SrB^T 
l-Ttt6 0(OS««:4Sr3o©^2» 
#R^Ds'^6XtJC;t;':?8-Cilfi#-T?#5o ioT. a#X 

[0 0 6 51 ^a^lSJgliJeiitia, ?&^:^ny^ 

70rta5{c, ««fflcDa«^^4SrJft^i-5fcJe)©jftS^as 
Jfttb5m-o;fr«Ei(£87 d Sr?^j|gLTV^<5d»6>, 

««^4^#:jCX-S:^jltgS7 0 d t^£mi$:4(D}^mi5:m 

fcsot5S'JSE2S7 1 di:d»fc«^L-rv^5, ^mmmm 

SESS 7 1 d S:Se-f-5 ^ t . ^*fi<j;tijtllft;ds Rlil 

[O O 6 61 mi»4<o)^ 
^ftJ«i(t!S 7 d ©irjsiEJg 7 1 d SrJfttiSJfrjSEwtJ: J: 
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[0 0 6 71 ^mmmm^iiti^^ if^^^^^i 

2. 3Sr^tL^n^^Ds,j5'5, 7tc:»ft6$-a-sj;5,- 

^ 1 ^«geja-c$)55pffi7 o a bBL^m(r>m7 1 a stap 

[O 0 6 81 j^l^ife^jg-^O:^ IGBT^ylT'l 

aStKFWD^j.T'l b©#«ffitjg8tS«2, 3WS 

a^<^_:/2 1. 3 1. 3 2i:<^^5ftrt{Cj;t)^-^L. 

[0 0 6 91 fl§3l5, *^«f^iSfJ:*JVNT. ^S|(*:^^Sr 
~3 0W/mKS«, ^^tJJ^l^* (T^^r) ttjet,4 0W/ 

[0 0 7 01 ±-^2-:><r>mufi^<DWcm\i^&,m^^-ottL 
e>> ^^c)^e^^fjiKj o . 0 3w/mK^:^s^^fc^^>-^ 

[0 0 7 11 -^fc. S«-«^ffi{cd:fc~S!c+/x ©DflC 

[0 0 7 21 ^Oi 5^a;^d-e,, i^3t5(Dtkmi^t!fV- 
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[0 0 7 3] ji4o. JfelSittiJ'y— ;^B:;i--ryi'Sr^— ^ t 

fcWtltt-:^-^ h tim^m^i^ih 2 ~ 3 W/mKS*T? 

(0 0 7 41 AgW^^^SriiAn^t-ernti, IBi 

:Lt-ctt^ti^m< f3:i>^:^^iymm (Wi^m-cmcp a 

a«) -XJAg^^f 7P±Sr*ft^-r5:itT?, i<D«fit;^j 
[00 7 5] Ag7^7(O#W^SrliA0$-*XVN< fc. 

•^^Stt'^— ^ b-cra, Ag(o^w*Sr9 o w t%sis 

[00 7 6] ±fEO J; 5 J&iS^IRifZJT^x^ 

[0 0 7 7] ^LT, «lftSriS«>fcfe», ±IB 



*0. lMPa£JlT©«i«IYtH4«ffi*s»*LV>o 

[0 0 7 8] m^«liB«-9 a ica^OS-g-Wg 

b SrE-^bfcia^co^SSr, 0 7 LEI 9 (:i;T%-f-„ 
*>% mP>«-0tt>. al&t;fa2a:, ft5«J^t>$tt52 

o©a*t-rab»), ±s«fljc*jv>-rfa. ift»««2, 3, 

tt. -hfS0 6{c^L/ciS;^WSJtfBi*t9 tl^^Blro'fco? 
•c, ^®-ft:Lxt<6v^#tt^Sr«:Ov'y a— (gi 

'ft^W^tt^O. IMP a«T) t?<0«ffi*f9 a ffi 

fi*f9-t?fc5 (07 (a) ) „ 
[0 0 7 9] m-C, «Jii*r9ati. m^it\z. X *> 
;^3»:5c^«L-rv'>sfc». MSiSiSSvia* (Wxtii 
sotfiAJi) (cK^nxt. «e3i5<^>-hiaa:fR<4^ y — ^ 

aoOSIta l&0«a 2 ra(0|i5Er^fiH^^^{Cigt¥ 

[0 0 8 0] ilEMX-Fi. T'^M^Oiegfetttt. 

S'm<6»«2, 3-T?fflt^¥:-t--5«it®fcie), ?e3fe»^S:|^ 

fieW*<oav^i|fej@|3K:7^ ^ (Ag, CuT^t') 75:ifSr 

-fkMwfe^jiSji^j o . 3 p a <o > y =i~iymm mmm 

Ic, 5pi^*StS6 m<0«*tCu7^ 7 irn^m Sr9 3 

w t %ia-&- ufeii^, 1 . 3 w/m K ikm^-v 

[0 0 8 11 *|gl«^IS:^^:*^^^xtt, 0 7 
(a) ^Sfetc, 7^ 7SriSjfE«[-r5*:ie) 

:*vS:7-f 9AOBgral^:/^@7w^BS^M^^)iiA/-T?v^ 
<rtt?. *S«Jb#Sr»x.>a:isP>ii536«-(t:-C^Sri:*5 

/I U<tt20~50;i m©:*:S«*^itac^ (:*cS7 

-f?) At, 1SL=f-A\Z.M\.. «tSitO. 4^V>L0. 
2, ia^tfcl : 1?5:V^H : 1 3 <D/ha3^4ft«i^ (/J^S 

[0 0 8 2] rixb^-r^A. B(036S[^tt55c 

j£:&«feT?, O. 2cm3 /cm3 KiijSrtasS 
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[0 0 8 3] cr-C, E-^Wt LT©^JRtt, laST 

e. Cu<om. Ni, Ai, s n^t'^m\>^i:Ltii-c 
[0 0 8 4] *7fc. iB-^«-o«i^^©?^*^i: Lxra. 

[0 0 8 5] ^i-c, ig2«^^ta:, fSi<^^mz.m 

[0 0 8 6] 07 (b) M*L, mn 

^^-«ox^^5fcv^5:i^fig^-'fe<. e-&#9 bffii^geM 
7 (b) *fl!{rS5-f«j;:, ^n<Sr2o<D^#-cj¥$x.o 

[0 0 8 7] '^>*.5^r<o*:^^>|^t3:, «fJg«-9 a Sr«^ 
t-5«flgi5, -tfS^lW^Sfcjj^LfcJ; 5i^ci¥§;to^^ 
0 fc^^T # 5 H if * c> a>V ^ t © -C^i tttb tf ^ 

«l«'^fc:^Ftb-cv^5©r. iSiaicBsnrtE-g-^-g b^ 

[0 0 8 8] m3<©#gfett, STilBJriig'g'-f-^flfrA^p,, E 
^#9 bpiioSftfeSr^/c-ft/cbw-cfcs^ ±ia|gi^^ 
2 o^iSr-ctt, E-g-lt (7>f7) 9bttiK*t-efc 



[0 0 8 9] Kz(D-m^-7^^ m^) a. ^JStf-C^ 

"C, fe5S*j56SLfcAg:7^^^±*5®^L^ ::o*t 

i^mmv±mt^i> ms (a) ^ss) „ -©jzp^r^ 
^o^aitLTtt, ®;^'fk^s?e^(OE-2 o/ti-aseii 

<Xt>^Vg^^i5 2. 0W/mK*t?i^|!g-C#5„ 
[00 9 0] *^3®^l5©«l<OMi:LT. ^fi 

E^«-9 b t LX^VN5, i*T.$r2o©^^ta ISt^a 

P>fCI7w'-r tiS;^a IRXTa 2 ©ffifc ibSHttU iftV^^I 
«ttSr*-r (0 8 (b) ) . 

lo 0 9 1} -^mvf^^iDmffimmti. mm^sa^^ 

*J J: TJf |g 2 CD -c^ L fc iftife^tt :7 Sr E-^ L fc« 

[0 0 9 2] *^P«#^(^«|f=ff;: m.mm 100 

A<m<Z)Cu !7-r-^-CiBlo^^Jl> s/ v-^ dOOp's/v' 
m^mz O o ^m) -tiEAgasg7-f 7SrE^ 

[00 9 3] 1^4 ©^Stt, «jm«-9 a JJlE-S-S^X^fcE 
-&*f9 b^, 2 0<5»*ta lS:t)«a 2 {CStHJcjgg^ 

*f9 b SriSf»«ltt©^^«bi: LX2o«>S#a iXlKa 
2PaSrjg^fe$*5i5fc-#--5„ *lg4©^S©^&^ 
*S«-a l^iTJfa 2«5ia»)-^tHifl};::^gc(::Sl-j^:-c 
#5±5x :rt-^$*5E-^«- (:fl-44«b) 9b<D«aH:|fe 

[0 0 9 4] *-f, Miwfiaitt. *#:ttSrj^oaiJt-c*) 
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Sr2o«^«-M{-t»Etf (0 8 (c) „ ^id, mm 
10 0 9 51 

«S;iS^# a 1 RXJP a 2 tcg-f-^ 5 {-'Si -5, :i nwm)} 

-fpv^wjre, (cu, Ni, Au, Ag*s!) , m 

[0 0 9 61 ^^K. ms (d) {C*-t^fc, =fAg|J^ 

(H8 (d) lc-C> ^gF^9 O bgB^i-) 

a iXU^a 2 fccO^M*5H'9^-r< ?i5„ 
»:0*ectti5K < * < -C *>«Jlg# 9 a «g8^5-i5, S-W a 
1 XV a 2 -a.«i»-r 5 J: p J:: 

£0 0 9 71 0!lxri. ^M-c@*t^-ejfoSflft?i'(t:<^«j|g-c 

[0 0 9 81 iJclC, |g2CO0i|fl, S*f©5iaf3^0flia-C 
•t?#5KP^ %;k:#;tgSri^oafe«C{t«S*r9 lb© 
3f®^^:f|Re»tt(OifiSV^^^c||Wi 92b Srfftt^tE-e-^t 9 b 

©Sr. 2o©^;H'a li^tKa 2-c^;^aitp;nt-r, :Ec*l- 

9 1b 't<omm'OMcmm 9 2 b :^ 2 o©»*t 

a l25:Ufa 2Kmmm^-ti> (0 9 (a) #flB) , 

[0 0 9 91 Tifc, 2 -zxD^iift A 1 Rxr Si 2 (Dmcomm 

J:»J/h$'&S<DE^fl-9 b-cfc-oTt, wtuSri^-ofcO 
ofct©) («c) <D7'=^E^>^ h^^'9>^ 

[0 1 o 01 jJcic, ^3w«fltt, ^«^ISI^SrE-§^«-9 

b t Lfcto-cfco, ^m^t&^bti. m\>^-^mmm& 



(09 (b) #J!g) „ Jt*s, 4kJI»Ttt^<, 

[0 10 11 ^e>(c. ie4©0iJH:, U^tfy\^^ ^tJc^iSS 
5>5:«F-o^JR7^ 9S:E-&tt-9 b t L;fc1>(0-T?*)a, M 

mmx%^o rtuSr3£*ta iSTJfa 2-cfl^tfi:, 

■f-5::i-c. iiiftSg-^-rs (0 9 (c) #Rg) , 

«-9 b^J::^^^fc^i^•r't). ^^itc, 2o©sira ixt5 

m-ti> (0 9 (d) #flg) , 
[0 10 21 zitiP>f^i~m4<om\^^\^t!iift-^ 

±§s.m 1 4 ©^stc^ vtc^mms^tkfi&u 9 

#?) l-g!*fi$*fc^»«i:^e, BP*>, 

[01031 if$2mmmm) mi o\^>^^m<ot^2m 

tt, -hfE^llllfiJBffllt^— CS>53^, HlOtJ", ^ 
^462, 3d>fett;f)ittlLfc««^-^^ — i^2 1, 3 1fi^ 

[01041 010 i^^-rmi^. ^^mj^m-vfi. 

7jc:fev>T, &-^U7 a (ow^m? o at^bm— 
*5t). me>2 0©^tflg5 7 hcOffl-C, lO<OS«flE4 
^BES@^-t--5«jt-C^5„ #55mgl5 7btt. JilHIll 

mi&mmmm\^. sfsb 7 o a t «»m:fts:j5£-rq2ffi 7 0 

b Sr*-#-5;^, S-feSH 7 a mff < J:UitL*:< *o-ci3 
r©^ffi7 o b i:SMffllltt^M7 3 5rflffi£U-CV> 

^-LT, #i5aig5 7 b ttrtgci^isajsgg 7 1 b sr#f 

[0 10 51 *lll6Jg«-ett, 

5<D?g«;d5±iEmillJ6?^ffii:r±S'i5, 0 1 0 (C^-f 

(^aiSB5^|6]B) 5 a kll^n:/^ yi^ 7(0—m (010 
fJiTfeW) 3§mgB TLb (DfSH^Wn 7 2 Srfllfig-f S i: tt 

m—vi}^, Lit^i^ri^mz/^ 7 t<DWAifim-^7 
a-vti^K, mm (0iom-c;&w ^m^T h<D^m 
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teffi (¥ffi5 a tS^fflllOffi) 5 3f4. feiW^ffiSS 7 b 

[0 10 6] *fc, ^Hifej^S-ctt. ±fB^l|^Jg?gJ!§ 
tC^-t"^ 2 W^-f ut/i^e <D ft •) fc, =lJ>,^^if.)it% 

S8 7 bfv:H^$n>H-l^*,*tlii>5i5o ^^UT, ^i?8(0 

T, ^^urnmm 5 s ^feffln^tass 7 b <omm 7 

ffige 7 b (D5jzg 7 0b :&|Rllc, |fi»S« 3 O^ffiSrJfflE 
|fflSS7 2rtS8tJ:ffi«?@^$H5„ 

[O 1 O 7] if6»««2. 3 t#:7't2s.i!'5. 7 

l^^tc, ««f*:4 fc^i^S tiJS^— ®#A*|nIt;ioT 

[0108] (^3^1t?^fl8) 0H{::*MW®^3|g 
i6?^^t^«^^^fr^gl o oSr^-To »jgf*:4 

1 o i^fiitc:, s 1 1 tfi, mm^<df—^^2 1,31 tt^i^ 

LTifcS, 0114', ±fE^lSei6JgflBi:^-g|I 

[0 10 9] *^lfi?^«S©miSSt|Ri:?'os'^5fa. 01 

t>*)K, =f^^^^^«-^:d^f>;5:5»ttaifl- 1 4 ;;PifJBE^ 
«•fcUTfflV^f>^^T^^5o r^lX, «'ffi«5«-14tt, |g 

l&^^n jyj^ 5 5:01 H-T-h3^rd»e>T^^^»$^ft 
rj^^l j¥JEEg6#l 4 a IglifcfRi^ns'^SSr^l 
1 t--c;&:^d^6>fe;fy'^if $x#»:J--5S*J^4)^»||2j¥JBE 

g8*ri 4 b td»e>;fc5„ 
[0 110] :^nmmm\^^\^Xiy. 01 HcT^5^8 

(m4^16?^S8) Hi 2»j:3|c3gi3g(om4J5J6J^fl8{c«5 



1 O o tt. ±.mm 4 (c:;^ L;fc^^«i:^gi: |h| 

SXO^eiJlioT. ^iPT/a s/^ 7»cffiSLTJiS. £E 
[0 111] -hfE04l::;^Lfc^l||JS?^ffi(Z) 
LT, *IIJSJ^«-T?ttS«#:4S:«g#i$''f ^i: Lfct 
W&^if—^2\^ 3 1©Sii?t2 1c, 3 1ciHilJgg8 

o^^Ta^'^, P-gB4>tt0 1 2 f , l^-^#Sr#L-Cia 

[0 112] *3^Jgjii»c*JV>Xtt, ^n-^u t,9 7 
tt, ^■&g57at, rroS-&gB7 ad^P>^mf S^mSB 

7 b j:»)«fie$ix-CV^Si^ ^r-C, rtgiJlcj<&iSSE»f£« 7 
d 7 1 d «5?gi5K$H*:Si§ttiS5 7 b Sr^ l co^^ffl 

^7bi:t-S„ *^S5 7 a*>6>^l<0^ta88 7 b 

7 c }45Jg^$n;fc5^ffig8 7 e S:^ 2 W^ttJgS 7 e t 

[01131^ L-C, i^iPT'a s, i!^ 7 |c*}ff 5»^g5 7 
a t ^ 1 (^S^fcBge 7 b Obtuse 7 e tfCiKjffl* 

n^lSWjJSv »«^4i5ifA§tb5Dfl$B7 2 t UXfllfig 
$ixTV>5. «««C4 0:, ;r©I!flg5 7 

2{C^LT, ?&*P7'Dy^ 7roS-&gB7 a<05pcg7 0 a . 

(DJi:^ (0 1 2 cfcoji;^) d»b^A^n, ^m.m^^<o 

^ffiaSj^Sl:/ct 7<0^pffi7 O a fCg^«LTE«S*L 
TVS. 

[0 114] *SgJ£Jgte-Ctt. mxtimzfviyi; 

5 ^^:j3^^T, J^^i/d s' iS' 7 <05§mgB 7 b w^paS 7 0b 
tcS}-fBl-r5¥ffi5 a ra. /^SP::/ci y^ 7cD5!£ffi7 0 bIC 

ffi7 O a IC*ff6]-f-S^ffi5 btt, iffiSStg3(D:J1-ffitSe 
AfeLTV^i, r.<o0lJS:^yciy^5B:, |Iflg87 2lcS 
«{*:4SrifA, laeLfcm. ^lifefR:?'^;/^ 5©spn5 
5 b h^^Zfxitfif 7(DJpffi7 0 a i: (0|S{c£;tSft^4 ^ 
^tpJ:5t-, IHlgB7 2|c#A$tv5, 
[0 115] ^:LT> i::.U%\%mM^hmm\rL^ @^ 

c Srif JEE-t-So -rst, ll2Scf5>'ny^6{C±oT. 
»l4S:^:/ny^5ta, i^^:?'D 7 i col^ttigB 
7 a:S-l6HCj«PBE$nx ^ 1 ©^^ttlSB 7 a (C^bT3£^ 

H^ge«-6, 8<DffA;*ri6ili:ifffi$ix^^4^iui 
„?S7 2t;:TffiS!-t-5„ 
[0 116] *lll6?^S(-*Jl/^Tt, 0*LT 
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[01171 1 2 100 

yiS'S, 7lcJ;5iS@^(OaiP:SrBfeV^Tfa. ±E||l3l 

[0 118] (msmmj^m tr^-c, jiiE^isug 

J^^itcisvvT, ar^flr 5 , 7 Jc^^jgocflgg 7 2 Sr^Jt 

mmi^4^mw^mtL±¥^mi^Mi^i3\,^Xs s^gu 
10 0 (omv&mmm^^m i 3 ic^^-r, 

(JfEEg5#) 6t, r©m2jfef^:/tis.2? 6Sr:^M,-C^ 

h2 05r»B«:5^ 7 fJ:@^-f--5fc«)<D^i^ 8 (3£«fgB 
«•) t Sr^rUXV'So 

[0 12 01 T'u— h2 0H:. mil^^i^(0—mii^^m— 

#^2jfc|RiP^i3 ix^ 6<0 5*>'>'i< 1 1 lo (El 
^«-cri3fi<o5t»»*ifc«>ifi) ±Sa^t?8S^ 
lfA-^-575:Je>«)±S5t6 a;^?^^$tt5i:t tic. ^<D 

[01211 ^ LT> :7'l^— h 2 0 tt, 013 Id^-r^l 
l-x h 2 0{c?g^$tT>fcSji?t{CJ^i;'8 Srif A 

U J*^'t'«>if2ifcJRl:/a 6 0?t6 a SraUT/&Si 

T'n s'rJ' 7|C^i?^e^$i^-CV^S„ iOt*. T'V— h 
2 0 O^jggiJ 2 0 a tt, ^ro^feSSSBAJfc*©^ 2 JfefSJi:/ 
^ Sf^ 6<0:ff^ h'U6 c\ZfS.»ii>'MnxmM$t\>. * 
fc, ..*«SS 2 o b ^:«>5feSSS8iStp3fccr>;<f>f KSS 6 d 

(ctt«c>ii*nT@«$ti., r:ttfese2»f»7'i3 6 

Sr, ^i?8©tfA*|6ll::ifEE-r5o 



[0 1 2 21 ^vfBO^ii^^-^JCit), 3fi(0^2ife?gS 

:7'ny^r6tt:4ie?8«)#A;^l6li;:JfJE$tt5fc«>. 
2Jir^r>'D 3'^' ^ lifcf^:/o s'iS' 5 S^:^^LT. M 
fflg©-^it<oS««c4 SrCflSS 7 2 (cjE»$-&^ - t i^X^ 

4©#-«r|r^UTl®©^i^8lJ:J:»>JSrf»*t:S, 7-^© 

[0 12 31 Jfe*?. S«#:4Sr2!5c7e*ti;^ffiB-t-54§^ 

:?'Ds'^ 6tJ:J^L-CJ¥S;tlB®5?ESB2 O a, 2 O b S: 
W-f-S^'u— h 2 0 Sr^ffii-tutJJ:v\ ± 

mm 13 <D«^{cs-:5ittf. '>!fe < i: t> 1 m<om 2 jfeia 

2 JSr^T'D y 6 Sr^fiSB 2 o a KX^BE-r^ J: 5 

[0 12 41 ^v-h2 0B, 4ii^,8»::J:iJScl» 

«c5, 7|::*5lt5;ft^:?'D y 7 05^1-^gBtc-c. :7'^— 
f 2 O ir^ftipyu yrJ' 7 tSr^ y s' >^^l--C@^-r-5 <t 

MSr^lifelKiT^n 3'^ 5 i::ffl.xf?tm^ti yir 7^h^ 
^-Sttffitt. @^S5*f6, 8, 1 4^^:±•J^f^$4^TV^ 

[Elffioffi^^ilftWl 

[011 *|gegc^^l^lfe?^flgi::«S^^«t^fa®^# 

[0 21 0HOA^ffi0-Cfe5, 

[03] 0 2(OB-B»fffi0-Cfc5„ 

[04] 0 3Og55>lt:fc:0-e*)-5, 

[0 51 JilE01<CV^b04lc*i-^««^©i^iSB«^Sr 
^^-t-0-rS>5. 

[0 61 *«Wfcfil5««tt-©«J«Sr*-f-K!B0-Cifo 
5, 

[0 7] 3|s:^?gj;:^^S;S^#(oa*«O#SSr*-r0-C*) 
5, (a) ttlgl®#l», (b) B:m2<0#ii;Sr*i-. 

[0 8] ±is^#«-K)a'*<o^ssr^-r0T?*)t). 

(a) (b) a:^3(O^S, (c) IBiXf- (d) 0:0 
4©#e(0«-«>«Sr^-t-o 

[0 9] ±IB«^#coa>»<0#SSr*-t-S-C*>«J, 

(a) (d) »:m4(0^m<0^mi:7r:-r. 

[0101 ^%i;q<oii2iii&^ffiic^'&^^^^e<s:^ 
-r0-T?fe-5o 

[01 11 ^^m<ofS3mMi&i»i^mz»^miii^mfB:^^ 
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[H 1 2 1 :^^m(of$4mmmmic^?>^m-i^mm.<r)m 

Ifilffi, 6 --||2Sc^:^n s'^, 7 -f^m-y^n 7 a 



(iflO^ttJSB) , 7 1 a •T&^r/o jx^O^S^ft 

ffi^ 7 d -i^mm^. 7 o d -iftmmf8<o^mi8. 71 

9 b -E-g-W, 1 4 - SSittaSW-, 2 0 --7'l^— 7 2 
••IU1S8. 9 1b - S**-. 9 2b - -»|»S„ 
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